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Siliconnitrideis or greatinterestasahightempera-
tureceramicmaterialfor usein engineandturbine
parts,cuttingtools andbearings[1].To fabricate
reliablecomponentsoutof siliconnitridefor these
applicationsit is essentialthatthestartingpowderof
siliconnitride shouldhave high purity, uniform
particlesize and highpercentageof a-phase[2].
Variousmethodsof preparingsiliconnitridepowder
havebeendiscussedby many authors[3-5]. The
majorproblemencounteredin thedirectnitridation
of siliconis that the product is always coarse,
necessitatingprolongedmilling,whichcausesconta-
mination.In the carbothermalreductionof silica,a
verylargeexcessof carbonhastobeused,whichis
removedlaterby heatingin air, butasmallamount
of carbonalwaysremainsas an impurity.In the
ammonolysisof siliconhalides the intermediate
product,siliconimide,is highlysensitiveto air and
moisture,andcompleteremovalof thehalideisalso
difficult.We have beenlooking for a processin
whichtheseproblemsareavoided.In this connec-
tiononeof our interestshas beento see whether
highpuritysilicon powdercan be preparedfrom
silicontetrachlorideandwhetherthispowdercanbe
nitridedinsitu. However,our experimentshavenot
beensuccessfulin thisregard,butresultedin silicon
whiskersand whisker-likesilicon nitride. These
experimentsarereportedhere.
Metalslike magnesium,iron, zincand cadmium
can reducesilicon tetrachlorideto silicon. This
principlehad beenusedto preparesemiconductor
gradesilicon.Whiskersof siliconhavebeenpre-
paredbythedisproportionationofsilicondibromide
[6],gasphasereductionof silicontetrachloridewith
hydrogen[7] and thermaldecompositionof silane
[8].Ourattemptstopreparesiliconpowderbythe
reductionof silicon tetrachloridewith iron filings
resultedin ferrosiliconglobules.It wasrealizedthat
togetsiliconpowder,a reactionbetweenthemetal
vapourandsilicon tetrachloridevapourhas to be
employed.Zinc, beinga metalwith low boiling
point,was consideredsuitablefor this purpose.
Recently,magnesiumvapour hasbeen usedto
reducesilicontetrachloridefor thepreparationof
siliconpowder[9].
Theexperimentbasicallyinvolvesproductionof
zincvapourby heatingthemetaltoitsboilingpoint
andreactingthis vapourwith silicontetrachloride
vapourdilutedwith nitrogen.A schematicof the
experimentalset-upisshownin Fig.1.It consistsof
a tWo-zonehorizontalfurnace;onezone,of length
200mm,is for generatingthe zincvapourandthe
other,of length400mm, is for reactingthe zinc
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Figure / A schematicdiagram of theexperimental seHlp.
vapour with silicon tetrachloridevapourin the
presenceof nitrogen.The reactiontubeis of fused
quartz withdiameter25mm and length1000mill.
About 10g of granulatedzinc (Analar, SOH) was
put in a quartztube of diameterIS mmandlength
ISOmm with one end closedand theother end
tapered.Thiswasenclosedin a jacketmadeout of
fusedquartzwitha diameterof 20mmandlengthof
200mm.Thisjackethadaninlet throughwhichdry
nitrogencouldbepassed.Thiswaskeptinzone1of
the furnace.The temperatureof thiszone was
increasedgraduallytoabovetheboilingpointof zinc
while passingnitrogenatarateof 11min-l,through
the jacketso that thezincvapourwascarriedinto
the reactionzone (zone2 of the furnace).The
temperatureof this zonewasmaintainedbetween
900and1200°c. Dry nitrogenwasbubbledata rate
of 0.5 Imin-I throughdistilledsilicontetrachloride
liquid inabottle,andthegaseousmixtureof silicon
tetrachlorideand nitrogenwas passedover the
jacket tothereactionzone.The reactiontookplace
accordingtotheequation:
SiCI4(g)+ 2Zn(g)~ ZnCI2(g)+Si(C)
White fumesofzincchloridewereobservedfromthe
outletofthereactiontubeaslongasthereactionwas
taking place.These fumesalso condensedat the
coolerendof thereactontube.The temperatureof
both thezoneswas reducedafter thereactionwas
over.Theproductwastakenoutof thereactiontube
after it hadcooledto theroomtemperature.It was
observedthat the productsof the reactioncon-
densedin twodistinctregionsof thereactiontube.
The producthatcondensedin thecoolerregionwas
pure zincchloride,andtheproductthatcondensed
in the hotzoneconsistedof only whiskers.These
whiskerswerecharacterizedby X-ray diffraction
(XRD) andelectronmicroscopy.TheXRO pattern
confirmedthatthesewhiskerswereonlycrystalline
siliconbutnotsiliconnitride.Whenthetemperature
of thereactionwas1200°e, thewhiskerswerethick
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Figure 2 Scanningelectron micrographof the siliconwhiskers.
andhadthecharacteristiclustreof silicon.At lower
temperaturethewhiskerswerefinerandthecolour
waslightbrown.Whenthereactiontemperaturewas
950°C, thewhiskerswereverythinandlookedlike
wool, creamywhite in colour.AD.electronmicro-
graph of thesewhiskersis shown in Fig. 2. The
thicknessof thesewhiskerswas about0.5,urnand
their lengthwasmorethan1em.
Theseexperimentswererepeatedwithincreased
nitrogenflowto seewhetherthe whiskerscould be
nitrided in situ. However,theseexperimentswere
not successfulin this regard, but the whiskers
becamestill finer, downto a thicknessof 0.1 ,urn.
Therefore,thesiliconwhiskerswerenitridedsepar-
atelyusingdryammoniagas(10]in thetemperature
range1200-1300dc. TheXRD andinfraredabsorp-
tion datashowedthattheproductofnitridationwas
a-silicon nitride. An electronmicrographof this
siliconnitrideis showninFig. 3. By comparingthis
micrographwith thatof siliconwhiskers,it can be
inferred that during the nitridation the silicon
whiskers do not becomepowder, but become
shorter,probablypseudomorphs.The thickness.of
thesepseudomorphswasabout0.5,urn.
The lengthis fairly uniformandis about12,urn.
Suchwhisker-likeparticleswithuniformaspectratio
mayalsobeusefulinceramicomposites.
"
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Figure 3 Scanningelectron micrographof the whisker-like silicon
nitride.
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